Abstract: Hereditary hypophosphatemic rickets with Hypercalciuria (HHRH) is one of the four entities of hereditary hypophosphatemic rickets, characterized by vitamin D refractory rickets, Hyperphosphaturia, Hypercalciuria, hypophosphatemia, elevated serum 1, normal serum Calcium, it 
I. Case Report
We report a case of a two year old first order female child born out of non-consanguineous marriage with delayed motor milestones. The child presented to us with the complaints of not able to walk without support, short height and not gaining weight adequately. The antenatal and natal history was uneventful with a birth weight of 3 kilograms (kg) and length 49 centimeters (cm). There was no history of polyuria, polydipsia or family history of similar complaints. Past history revealed that child had an episode of lower respiratory infection about 1 month back which was treated with oral antibiotics and anti-pyretics for 7 days. On examination, the child had features of active rickets (Radiograph as in Fig.1 ) with delayed dentition and normal systemic examination. Before referral, the child had received two doses of injectable Vitamin D (6, 00,000 IU) one week apart along with oral Calcium & Vitamin D supplementation. On anthropometrical evaluation, the child was detected to have height <3 RD centile (63 cm) and weight <5 TH centile (7 kg) as per standard WHO growth charts. A clinical diagnosis of Vitamin D refractory Rickets was made and further work up was done which revealed Hb-10.2 gm%, TLC-8,600 cells/mm3, Neutrophils-56%, Eosinophils-4%, Lymphocytes-39%, Monocytes-1%, Serum Calcium-8.9 mg/dl, Serum Phosphate-2.9 mg/dl, Serum Alkaline Phosphatase-825 IU, Serum Free T3 levels-1.16 nmol/L, Serum Free T4 levels-81.22 nmol/L, Serum TSH levels-5.98 μIU/mL, Serum Parathyroid hormone (PTH) levels-24.8 pg/ml (Normal-14-72 pg/ml), Serum 25-D levels-56 ng/mL (Normal: 30-100 ng/ml), Serum 1,25-D levels-54.6 IU/L (Normal: 19.6-54.3 IU/L), Tubular Reabsorption of Phosphate (TRP)-76% and Urine examination did not show proteinuria, ketone bodies, glycosuria or aminoaciduria.
Based on the above clinical features, resistance to vitamin D and Calcium supplementation and laboratory findings of hypophosphatemia, Hyperphosphaturia, normal serum calcium, PTH, 25-hydroxyvitamin D and high normal 1, 25-dihydroxyvitamin D, a diagnosis of Hypophosphatemic Rickets was done. Clinically, all the four entities of hypophosphatemic rickets (XLH, ADHR, ARHR and HHRH) cannot be differentiated without a genetic test except evidence of Hypercalciuria in HHRH. Our case showed a Urinary spot Calcium Creatinine ratio of 1.56 and Ultrasonography of kidney showed both kidneys of normal size (Right Kidney size-77 mm x 33 mm, Left Kidney size-78 mm x 36 mm) with bilateral medullary nephrocalcinosis. Based on the above investigations, a diagnosis of HHRH was done. Vitamin D and oral calcium supplementation was stopped and the patient was started immediately on oral phosphate supplementation at the dose of 500 mg four times a day. In view of Hypercalciuria with nephrocalcinosis, the child was treated with short course of Chlorthiazide tablet (25mg) ½ tablet once daily with dietary salt restriction. The child was followed up every three monthly for a period of one year and then 6 monthly subsequently. During each visit, monitoring of growth and titration of dosage of medicines with existing serum levels of phosphate, calcium, alkaline phosphatase and urine levels of calcium was done.
At the end of two years of follow up, the child was able to walk and run without support with normal height and weight with evidence of complete healing of rickets as shown in Fig.2 . The serum phosphate was normalized (4.7 mg/dl), serum calcium 8.8 mg/dl, serum alkaline phosphate was 307 IU and Urinary spot Calcium Creatinine ratio 0.14 as shown in Chart 1. Hypercalciuria significantly improved and Ultrasonography of kidney had no signs of nephrocalcinosis. Presently, the child is only on oral phosphate supplementation. She attends school regularly and participates in various sports and games.
II. Discussion
Rickets is a disorder of growing bone and characterized by accumulation of unminerilazed bone. It could be due to either a primary metabolic abnormalities of Calcium (Calcipenic rickets) or Phosphorus (Phosphopenic rickets) or a miscellaneous group associated with direct inhibitors of mineralization [1] . Phosphopenic or Hypophosphatemic rickets are mostly inherited, though they may rarely be acquired [tumorinduced osteomalacia (TIO), drug-induced Fanconi syndrome] [2] . Hypophosphatemic rickets are due to isolated renal phosphate wasting, caused by a mutant gene and clinically present as vitamin D refractory rickets. At least four different entities of hereditary hypophosphatemic rickets (XLH, ADHR, ARHR Type-1 & Type-2, and HHRH) have been described as shown in table 1. They are classified based on the mode of inheritance and urinary excretion of calcium [3, 4] . The PHEX, FGF-23, DMP-1, ENPP-1 and Na/Pi co-transporter (NPT-2c) genes have roles in renal phosphate absorption and maintaining serum Pi homeostasis [5, 6, 7, 8, 14] .
PHEX gene:
PHEX is a zinc (Zn) metalloendopeptidase, the loss of which causes defective mineralization, hypophosphatemia and abnormal vitamin-D metabolism [9] . This gene is expressed in fully differentiated osteoblasts and the down regulation of its expression by PTH in vitro and in vivo is associated with inhibition of matrix mineralization [10] . The presence of inactivating PHEX mutations results in the enhanced renal phosphate transport inhibitory activity thus leading to hyperphosphatemia [11] . Out of all four entities, X-linked hypophosphatemic rickets (XLH) is the most common type of hereditary hypophosphatemic rickets and it occurs due to mutations in PHEX gene [12] .
FGF-23 gene:
FGF-23 reduces serum phosphate level by suppressing proximal tubular phosphate reabsorption and intestinal phosphate absorption. FGF-23 is produced by bone and acts on the kidney through a specific receptor system which is composed of Klotho and certain subtypes of FGF receptors. Excess actions of FGF-23 cause several hypophosphatemic diseases characterized by impaired renal phosphate reabsorption and rickets/osteomalacia (ADHR) [13, 14] . In addition to being regulated by phosphate and vitamin D, some clinical evidence suggests that FGF-23 production is regulated by PHEX, DMP-1, and ENPP1 genes, which encode distinct protein products, but the molecular mechanisms whereby FGF-23 is regulated by these factors are unknown [4, 13, 15, 16, 17] . PHEX and FGF-23 genes also cause impaired synthesis of 1, 25-dihydroxyvitamin D by inhibitory actions on 1α-hydroxylase enzyme.
DMP-1 and ENPP-1 genes:
Studies on Dmp1 mutations demonstrate that absence of DMP1 results in defective osteocyte maturation leading to pathological changes in bone mineralization manifesting as rickets and osteomalacia with isolated renal phosphate-wasting associated with elevated FGF-23 levels and normocalciuria (ARHR) [6] . ENPP1 gene causes ARHR with phosphaturia by positional cloning and also via an unreported mechanism which involves the common FGF-23 pathway [14] .
NPT-2c gene:
Na+-dependent Pi (Na/Pi) transporters in the brush border membrane of proximal tubular cells mediate the rate-limiting step in the overall Pi-reabsorptive process and Na/Pi co transport. Several studies suggest that type IIc co transporter in Pi reabsorption plays a major role in HHRH. The type IIc Na/Pi transporter is regulated by parathyroid hormone, dietary Pi, and fibroblast growth factor 23, and studies suggest a differential regulation of the IIa and IIc transporters [18] . HHRH is a rare condition and only a few sporadic cases have been reported in literature. The first case of HHRH was described in a Bedouin tribe in 1985. It is inherited as a completely penetrating autosomal recessive trait and the primary defect is a phosphate leak in urine [19] . The resultant hypophosphatemia caused appropriate elevation of 1, 25-dihydroxyvitamin D, increased calcium absorption, suppression of parathyroid, and Hypercalciuria. Also phosphate deficiency is a potent and direct stimulus to renal 25-dihydroxyvitamin D-1-alpha-hydroxylase activity [20] . This process is independent of Parathyroid hormone [21] . In contrast to XLH, ADHR & ARHR (low or relative deficient 1,25-dihydroxyvitamin D level); HHRH is characterized by elevated serum levels of 1, 25-dihydroxyvitamin D for low serum Pi levels despite suppressed PTH and this is due to NPT-2c gene mutations. Hypophosphatemia caused by both PHEX and FGF23 mutations affects not only renal phosphate reabsorption but also the synthesis of 1, 25-dihyroxyvitamin D due to the lack of up regulation of 25-hydroxyvitamin D 1α-hydroxylase. This up-regulation in response to low serum phosphate is intact in HHRH, which further argues for a primary defect in renal phosphate reabsorption in this condition [8] . The accurate diagnosis of HHRH and distinction with other form of hypophosphatemic rickets has important therapeutic implications. Unlike other entities of hereditary hypophosphatemic rickets which require administration of active vitamin D along with phosphate, HHRH is treated with only phosphate supplementation. The addition of vitamin D can worsen the Hypercalciuria, increase intestinal absorption of calcium and can create complications such as nephrocalcinosis and renal damage [22] .
Treatment & prognosis:
Sole therapy with oral phosphate supplements resolves or improves hypophosphatemia, Hypercalciuria, and prevents progression of skeletal abnormalities without increasing PTH levels. In the absence of other biomarkers, 1, 25-dihyroxyvitamin D levels may be a helpful laboratory parameter for assessing the treatment efficacy and compliance [23] .Therapy with vitamin D analogues must be avoided [24, 25] .
III.
Teaching Points 
